Exposure to noise stress is associated with increased respiratory system morbidity; however the underlying mechanisms are unclear. Thus there is a need for more study about this harmful effect.
Introduction
Stress is defined as the state in which the brain interprets the quantity of stimulation as excessive or its quality as threatening (1) . Exposure to hostile conditions (usually referred to as stressors) results in a series of important adaptive responses that enable an organism to cope with a changing environment (1) .Prolonged repeated stress can be extremely harmful (2, 3) . Stress stimulates several adaptive hormonal responses such as secretion of catecholamines from the adrenal medulla, corticosteroids from the adrenal cortex, and adrenocorticotropin from the anterior pituitary (4) . In fact, the sympatoadrenal and hypothalamic-pituitaryadrenocortical systems have complex interactions to maintain the internal environment during exposure of the organism to a wide variety of stressors . Stress affects the psychological and physiological activities in human and can disrupt and threaten our internal homeostasis . Noise is kind of stress which pervasive aspects resemble of many modern community and work environments. Acute noise exposure activate the autonomic and hormonal systems, leading to temporary changes such as increased blood pressure, increased heart rate and vasoconstriction after prolonged exposure, susceptible individuals in the general population may develop permanent effects, such as hypertension and ischemic heart disease that are associated with exposures to high sound pressure levels. Other drastic effects of noise include the impairments of rest, sleep and blood pressure (9) . The effects of noise on the immune system have also been reported (10) . Noise exposure over 90 decibel (dB) becomes a stressor and contributes to the genesis and manifestation of several multifactor diseases
(11)
. Stress has been implicated as an environmental factor that may accelerate the process of biological aging and decline the functional integrity of system involved in the stress reaction . Adaptation to stress can be the bases of some diseases. For instance, in humans and animals, several studies have shown that stress may induce type 1& 2 diabetes mellitus . Noise causes the release of stress hormones, which in turn affects the risk factor pattern for cardiovascular disease . Sulpiride, a neuroleptic drug, from the group of benzamides, exerts antiautistic stimulating effects, has positive influence on productive symptoms of psychosis and shows antidepressant activity .Sulpiride is the most favorite drug which used to tolerate stress symptoms as it has relatively minor adverse effects (18) . Also, in comparison to many tricyclic antideprssent, sulpiride reaches its maximal blood concentration after 2-4 hours from oral administration . This work was done using histological, histochemical and morphometric methods to investigate two parameters. First parameter was to investigate the possible harmful effects of noise on the adult female albino rats' lung and heart. Second parameter was to investigate the possible protective role of combined sulpiride treatment.
Material and Methods
Animals: 24 adult female albino rats weighing150-200 gm were used in this study. They were kept under observation for one week before beginning of the experiment to acclimatize. During the 24 daily hours, animals were exposed to 14 hrs artificial light followed by 10 hrs complete darkness at normal atmospheric temperature. All animals were fed on standard diet contained protein, fibers, fats, carbohydrates, and supplied with vitamins and minerals mixture with continuous supply of water. Sulpiride drug was adiministrated orally by gastric tube at a dose of 0.28mg/ 100gm body weigh/day for one month . Sulpiride dose was calculated according to the Paget's formula on the basis of the human dose . Noise was applied by exposure to 5 different sources of unharmonic and high intensity music. Study groups: The animals were divided into 4 main groups. Each group contained 6 rats. Animals were categorized as the following; Group 1 (C): normal rats served as negative control (without any treatment for one month). Group 2 (N): rats exposed to noise only for one month (>90 decibel, 3h/day). According to Brennan et al. (27) when noise exposure of any kind exceeds 90 dB, noise becomes a stressor. Group 3 (D): rats treated with the drug only for one month (0.028mg/g body weigh /day). Group 4 (N+D): rats exposed to noise and treated with the drug for one month. Histological and histochemical study: rats from the control and treated groups were sacrificed after month and small pieces of lung and heart were taken for the histological and histochemical studies. Specimens were prepared via fixation in 10% neutral buffered forml solution and Carnoy's fluid. Paraffin sectionswith 5µm thickness were prepared and stained with Harris haematoxylin and eosin .Polysaccharides were detected by PAS (Periodic acid-Schiff) method
(29)
. Total proteins were detected by mercuric bromophenol blue method
(30)
.
Morphometric analysis:
The image analyzer (ImageJ 1.46r) was used to obtain the following morphometric data:
• The mean thickness of interalveolar septa using H&E stained sections at 400x magnification.
• The mean number of alveolar macrophages/ field using oil immersion lens in H&E stained sections at 1000x magnification.
• The percentage of collagen fibers in the lung alveoli using Mallory's trichrome stained sections at 400x magnification.
• The mean thickness of pulmonary vessels of lung interstitium using H&E stained sections at 400x magnification.
• The total protein in lung tissue using mercuric bromophenol blue sections at 400x magnification.
• The mean thickness of myocardial cells using H&E stained sections at 400x magnification.
• The percentage of collagen fibers in the myocardial muscle fibres using Mallory's trichrome stained sections at 400x magnification. The previous measurements were estimated in five non-overlapping fields/section in five serial sections/rat from each animal in each group. Statistical analysis: all statistical analysis was performed using the statistical software PAleontological Statistics Version 3.0 (PAST 3.0)
(31)
. The obtained data were expressed as mean±standard deviation (SD) and analyzed using analysis of variance (ANOVA). Statistical significance level was defined as P<0.05.
Results
The control group, Group 1 (C): H&E stained sections of the lung tissue showed normal alveoli with thin interalveolar septa, clearly seen alveolar sacs, bronchiole with folded columnar epithelial cells and normal pulmonary vessels (Figs. 1A, 2A) . The alveolar epithelium showed type I pneumocytes (extremely flattened with very thin cytoplasm and densely stained flattened nuclei) and type II pneumocytes (cuboidal cell with large dark stained rounded nuclei which are commonly located near the angles between neighbouring alveolar septa) (Fig. 3A) .
Few number of macrophage cells was also detected in the lung interstitium (Fig. 3A) . Mallory's trichome stained sections of lung tissue revealed normal distribution of thin collagen bundles in pulmonary interstitium around the alveolar sacs, in the interalveolar septa, around bronchioles and the pulmonary blood vessels (Fig. 4A) .
PAS (Periodic acid-Schiff) stained sections of the lung tissue showed moderate PAS reaction (magenta red) in the basal lamina of alveolar epithelium, alveolar sacs and endothelium of pulmonary vessels as well as cytoplasm of epithelium lining bronchioles (Fig. 5A) .
Mercuric bromophenol blue stained sections of the alveolar tissue showed normal distribution of total protein in the pulmonary interstitium, in the muscular layer of bronchioles and pulmonary blood vessels (Fig. 6A ). Highly increased thickness of the interalveolar septa (P < 0.001) was detected (Figs. 1B, 2B , 1C, 2C, 12) (Tab.1). Cellular apoptotic changes such as pyknotic nuclei were detected in the lung interstitial cells (Figs. 3B, 3C Mallory's trichome stained sections of the lung tissue of group 2 showed highly significant deposition of collage fibres (P < 0.001) in bronchiole walls, peribronchiolar areas, interalveolar septa, and pulmonary blood vessels (Figs. 4B,13 ) (Tab. 1).
Group 3showed similar results to group 2 with more collagen deposition around the blood vessels (Figs. 4C,13 ) (Tab. 1). PAS stained sections of the lung tissue ofgroup 2 revealed strong PAS reaction in RBCs seen in the congested pulmonary vessels, endothelium of the pulmonary vessels and inflammatory cells infiltration (Fig. 5B) .
Group 3 illustrated similar findings to noise exposed one. However, weak PAS reaction was observed in the perivascular areas and collapsed alveoli (Fig. 5C ). Mercuric bromophenol blue stained sections of the lung tissue of both group 2 and 3showed highly significant increase (P < 0.001) in total protein content (deep stain in comparison to control) in the bronchiolar walls, peribronchiolar areas and the pulmonary blood vessels (Figs. 6B, 6C, 16 ) (Tab. 1).
Group 4 (N+D):H&E stained sections of the lung tissue showed marked obliteration of some alveoli with thickened interalveolar septa and subsequent compensatory dilatation of others (Figs. 1D, 2D, 12 ).
Marked thickening of the bronchiole walls, peribronchiolar infiltration with inflammatory cells and granulomatous formation were detected. Highly significant thickening of pulmonary blood vessels (P < 0.001) was detected with marked perivascular infiltration and fibrosis (Figs. 1D, 2D, 15) (Tab.1).
More necrotic tissue and cellular pyknotic changes than group 2 and 3 had been shown (Fig. 3D) . High significant increase in both cellular infiltration within the connective tissue surrounding lung bronchioles and in the pulmonary blood vessels diameters (P < 0.001 and < 0.001 respectively)were also detected (Figs. 1D, 2D, 14, 15) (Tab.1). Mallory's trichome stained sections of the alveolar tissue revealed marked highly significant increase in collagen fibers deposition (P < 0.001) in bronchiole epithelial cells, submucosa, peribronchiolar area, in thick interalveolar septa and around the pulmonary blood vessels with marked thickening of their walls(Figs. 4D,13) (Tab. 1).
PAS stained sections of the alveolar tissue showed strong PAS reaction in endothelium of the pulmonary vessels, in perivascular areas, and in sites of interstitial cellular infiltration. Also, weak PAS reaction was observed in perivascular areas and collapsed alveoli (Fig.  5D ).
Mercuric bromophenol blue stained sections of the alveolar tissue showed highly significant increase (P < 0.001) in total protein content Mallory's trichome stained sections of the cardiac muscle revealed few collagen fibers inbetween the muscle fibers (Fig. 9A) . PAS stained sections of the cardiac muscle revealed normal polysaccharides content (normal distribution of PAS+ve materials) in the cardiac tissue (Fig. 10A ).
Mercuric bromophenol blue stained sections of the cardiac muscle revealed normal distribution of total protein in the cardiac tissue (Fig. 11A ). Group 2 (N) and Group 3 (D):H&E stained sections of the cardiac muscle fibers for group 2 illustrated some degenerative changes of the myocardial muscle fibers (Fig. 7B) .
Group 3 showed myocardial cellular degenerative changes and inflammatory cells infiltration (Fig. 7C) . Focal areas of necrotic muscle fibers with vacuolated cytoplasm, small deeply stained pyknotic nuclei and faintly stained karyolytic nuclei were detected in both group 2 and 3 (Figs. 8B, 8C).
Significant decrease in the diameter of myocardial muscle fibres in both group 2 and 3 (P < 0.05, <0.05 respectively) was detected ( Fig. 17 ) (Tab. 1). Mallory's trichome stained sections of the cardiac muscle fibers of group 2 revealed few collagen fibers in between the muscle fibers with no significant difference in comparison to the control group (Fig. 9B, 18 ) (Tab. 1).
Group 3showed high significant increase of collage muscle fibers deposition (p< 0.01) in comparison to the control group (Fig. 9C, 18 ). PAS stained cardiac muscle fibers of both group 2 and 3 revealed normal polysaccharides content (normal distribution of PAS+v materials) in the cardiac muscle fibers (Figs. 10B, 10C). Mercuric bromophenol blue stained cardiac muscle fibers of both group 2 and 3 revealed reduced total protein (focal areas of faint stain affinity) in cardiac muscle fibers (Fig. 11B, 11C ).
Group 4 (N+D):H&E stained sections of the cardiac muscle fibers showed marked myocardial cellular degenerative changes and inflammatory cells infiltration (Fig. 7D) . More necrotic areas with vacuolated cytoplasm and small deeply stained pyknotic nuclei than group 2 &3 were detected (Fig. 8D) .
However, no significant change in myocardial cells has been proved in comparison to control group (Tab. 1). Mallory's trichome stained sections of the cardiac muscle fibers revealed marked highly significant deposition of collagen fibers (P < 0.001) in bronchiolar epithelial cells, submucosa, peribronchiolar area and in thick interalveolar septa with cellular infiltration in interalveolar septa (Figs. 9D, 18 ) (Tab. 1).
Moderate amount of collagen fibers was detected around the blood vessels with marked thickening of the blood vessels (Figs. 9D, 18) . PAS stained sections of the cardiac muscle fibers showed poorly stained (focal areas of decreased staining affinity of PAS stain) cardiac myocytes (Fig. 10D) . Mercuric bromophenol blue stained sections of the cardiac muscle revealed marked reduction in total protein (faint stain affinity) content in the cardiac myocytes (Fig. 11D ).
Discussion
Noise stress had been shown to carry many negative drawbacks on various organs of our body. For instance, noise causes release of various stress hormones which in turn affects the risk factor pattern for cardiovascular and pulmonary diseases (16) . After prolonged exposure to noise, susceptible individuals may develop chronic diseases, such as hypertension and ischemic heart disease (9)
. Long-term exposure to hypertension lead to congestive heart failure as it induces left ventricular remodelling and cardiac hypertrophy . Also, mechanical stress increase reactive oxygen species (ROS) production that leads to cardiomyocytes apoptosis and subsequent heart failure (11, 33)
. Moreover, stress can cause hypertension and subsequent congestive heart failure via its damaging effects on kidney . Liver injury, inflammation and fibrosis after exposure to stress were reported . Our study showed that noise stress and sulpiride treatment caused remarkable histological and structural drawbacks on lung and heart tissues. Rats exposed to noise only or sulpiride only showed highly significant damaging changes on lung such as thickening in the interalveolar septa and obliteration of alveoli, inflammatory cells infiltration within pulmonary interstitium, peribronchiolar infiltration and fibrosis, thickening of the pulmonary blood vessels, interstitial collagen fibres deposition and apoptotic cellular changes.
On the level of heart, highly significant decrease in the diameter of myocardial fibers with focal areas of necrotic fibers and apoptotic changes were detected. Also, collagen fibres deposition was marked in sulpiride group. When noise and sulpiride treatment was combined, the damaging effects were maximized on the lung and to a lesser extent on the heart. Eman et al.
(36) study showed similar effect for noise on kidney cortex, where highly thickened arterial walls and increased kupffer cells were detected. In our study, the Increased number of inflammatory cells may be due to and reflecting the active defense mechanism against the noise stress or the toxic effect of sulpiride. Zhang and Kaufman (32) declared that the increase in Kupffer cells numbers reflect clearly the active defense mechanism against the toxic substances. Increased collagen fibers observed in our present study may lead to rapid healing as reported by Zhang et al.
(37)
. The increase in collagen fibers deposition under different stresses was observed by several authors (38, 39, 40, 41) . In this issue, George et al. (42) suggested that decreased synthesis of collagenolytic enzymes that might contribute to further accumulation of collagen. Thickened arterial walls observed in our study were also detected by other authors (34, 36, 43) .
Exposure to stress induces oxidative stress leading to increased free radical production which cause hypertrophy of both vascular smooth muscle cells and arterial walls hypertrophy . Our results showed increase total proteins content in lung in groups 2, 3 and 4, while cardiac muscle showed decrease in total proteins content in these groups. Alerted collagen fibers, polysaccharides and total protein in the present study may be a result of elevated free radicals post-exposure to noise as reported in previous studies . In this issue, Willis et al.
(45) demonstrated that stress inhibits protein synthesis by alteration in the balance between phosphorylation and dephosphorylation. When corticosteroids were administrated acutely to normal fasting human, there is an increase of protein breakdown
(46)
. Decreased stain affinity of total protein observed in the present study can discuss the degeneration and fibrosis observed in heart tissue after noise exposure or sulpiride treatment. Thin degeneration was noticed in other studies due to injury of mitochondria, Golgi apparatus and DNA fragmentation . Similar to the related previous studies, the histological changes of our study may result from an increase in the process of lipid proxidation and decreased activity of antioxidant enzymes of the body with the consequent damage of cellular membranes . Also, previous studies such as Eman et al.
(36) showed that sulpiride drug may play a protective role against noise stress negative drawbacks. However, our results showed that sulpiride has a harming effect on lung and heart tissues when it was used alone or in combination with noise.
In conclusion, our results provide evidence that noise stress cause obvious lung and heart damages. No protective role for sulpiride was proofed as using sulpiride showed marked damaging effects on the lung and heart. 
Sabban EL and Kvetnansky R ( 2010):
Stress ) and normal pulmonary vessel (blue arrow). B) Group 2 "Noise exposed rat" lung showing obliteration of some alveoli (c) with subsequent compensatory dilatation of others and thickened interalveolar septa. Numerous areas of cellular infiltration (red arrow) had been detected in the connective tissue surrounding lung bronchioles that showed elongated and corrugated walls. Thickened walls of the pulmonary blood vessels which contain haemorrhagic blood cells (blue arrow) are also detected. C) Group 3 "Drug exposed rat" lung showing similar findings to noise exposed one. D) Group 4 "Noise + Drug exposed rat" lung showing marked obliteration of some alveoli (c) and subsequent compensatory dilatation of others with thickened interalveolar septa. Marked thickening of bronchiole walls, peribronchiolar infiltration with inflammatory cells and granulomatous formation (red arrow) were detected. Moreover, thickened and congested pulmonary blood vessels (blue arrow) with marked perivascular infiltration and fibrosis (Black star) were detected ( Hx. & E. x100). , endothelium of pulmonary vessels (red arrows) as well as cytoplasm of epithelium lining bronchiole (blue arrow). B) Group 2 "Noise exposed rat" lung showing strong PAS reaction in RBCs seen in the congested pulmonary vessels, in the endothelium of pulmonary vessels (red arrow) and in sites of interstitial cellular infiltration. Weak PAS reaction in alveolar epithelium, alveolar sacs (black arrow), shedded bronchiole epithelial cells (blue arrow) are observed. C) Group 3 "Drug exposed rat" lung showing similar findings to noise exposed one. Also, weak PAS reaction is observed in perivascular area and collapsed alveoli (black arrow). D) Group 4 "Noise + Drug exposed rat" lung showing strong PAS reaction in endothelium of pulmonary vessels (red arrow), in perivascular area (black star), and in sites of interstitial cellular infiltration. Also, weak PAS reaction is observed in perivascular area and collapsed alveoli (black arrow).( PAS.x400).
Fig 6: A) Group 1 "Control rats" lung showing normal distribution of total protein in the pulmonary interstitium, in the muscular layer of bronchioles (red arrow) and the pulmonary blood vessels (black arrow).B) Group 2 "Noise exposed rat" lung showing increased amount of total protein (deep staining) in the bronchioles (red arrow), peribronchiolar areas, and the thickened pulmonary blood vessels (black arrow). C) Group 3 "Drug exposed rat" lung showing increased amount of total protein (deep staining) in the bronchioles (red arrow), peribronchiolar areas, and the thickened pulmonary blood vessels (black arrow). D) Group 4 "Noise + Drug exposed rat" lung showing marked increased amount of total protein (deep staining) in the bronchioles (red arrow), peribronchiolar areas, and the thickened pulmonary blood vessels (black arrow). (Mercuric bromophenol blue. X400).
Fig.7: A) Group 1 "Control rats" heart showing branching and anastomosing cardiac muscle fibers with acidophilic sarcoplasm and central elongated vesicular nuclei. B) Group 2 "Noise exposed rat" heart showing some degenerative changes in myocardial fibres with numerous faintly stained nuclei. C) Group 3 "Drug exposed rat" heart showing more myocardial cellular degenerative changes, inflammatory cells infiltration and widened endomysium than group 2. D) Group 4 "Noise + Drug exposed rat" heart showing marked myocardial cellular degenerative changes and inflammatory cells infiltration with highly widened endomysium which contain debris of degenerated myocardial muscle fibres (red arrows). (Hx. & E. X400).
Fig. 8: A) Group 1 "Control rats" heart showing branching and anastomosing cardiac muscle fibers with acidophilic sarcoplasm, vesicular nuclei of cardiomyocytes (blue arrow) and the nuclei of fibroblasts in the interstitium (yellow arrow). B) Group 2 "Noise exposed rat" heart showing focal areas of necrotic fibres with vacuolated cytoplasm (red arrow) and small deeply stained pyknotic nuclei (black arrow). C) Group 3 "Drug exposed rat" heart showing focal areas of necrotic fibres with vacuolated cytoplasm (red arrow) and small deeply stained pyknotic nuclei (black arrow). D) Group 4 "Noise + Drug exposed rat" heart showing more necrotic (red arrow) and cellular karyolytic changes (black arrow) than group 2 &3. (Hx. & E. x1000).
Fig 9:A) Group 1 "Control rats" heart showing few collagen fibers inbetween the cardiac muscle fibers (red arrow). B) Group 2 "Noise exposed rat" heart showing few collagen fibers inbetween the muscle fibers (red arrow) and no difference is detected in comparison to the control group. C) Group 3 "Drug exposed rat" heart showing highly increase in collage muscle fibres deposition in comparison to control group (red arrow). D) Group 4 "Noise + Drug exposed rat" heart showing marked increase of the collage muscle fibres deposition in comparison to the control group (red arrow). (Mallory's trichrome. x400).
Fig 10: A) Group 1 "Control rats" heart showing normal polysaccharides content (normal distribution of PAS +ve materials) in the cardiac myocytes. B) Group 2 "Noise exposed rat" heart showing normal polysaccharides content (normal distribution of PAS +ve materials) in the cardiac myocytes. C) Group 3 "Drug exposed rat" heart showing normal polysaccharides content (normal distribution of PAS +ve materials) in the cardiac myocytes. D) Group 4 "Noise + Drug exposed rat" heart showing poorly stained (focal areas of decreased affinity of PAS stain) cardiac myocytes (red arrow). (PAS. x400).
Fig 11: A) Group 1 "Control rats" heart showing normal distribution of total protein in the cardiac myocytes. B) Group 2 "Noise exposed rat" heart showing reduced total protein (focal areas of fainting stain) content in cardiac myocytes (red arrow). C) Group 3 "Drug exposed rat" heart showing reduced total protein (focal areas of fainting stain) content in cardiac myocytes (red arrow). D) Group 4 "Noise + Drug exposed rat" heart showing marked reduction in total protein (fainting stain) content in the cardiac myocytes (red arrow).(Mercuric bromophenol blue. x400). 
